Abstract: Generally, underwater unmanned vehicle have adopted an inertial navigation system (INS), dead reckoning (DR), acoustic navigation and geophysical navigation techniques as the navigation method because GPS does not work in deep underwater environment. Even if the tactical inertial sensor can provide very detail measurement during long operation time, it is not suitable to use the tactical inertial sensor for small size and low cost UUV because the tactical inertial sensor is expensive and large. One alternative to INS is attitude heading reference system (AHRS) with the micro-machined electro mechanical system (MEMS) inertial sensor because of MEMS inertial sensor's small size and low power requirement. A cost effective and small size attitude heading reference system (AHRS) which incorporates measurements from 3-axis micro-machined electro mechanical system (MEMS) gyroscopes, accelerometers, and 3-axis magnetometers has been developed to provide a complete attitude solution for UUV. The AHRS based MEMS overcome many problems that have inhibited the adoption of inertial system for small UUV such as cost, size and power consumption. Several evaluation experiments were carried out for the validation of the developed AHRS's function and these experiments results are presented. Experiments results prove the fact that the developed MEMS AHRS satisfied the required specification.
Introduction
Unmanned underwater vehicles (UUV) have become a main tool for underwater survey operation in scientific, military, and commercial applications; the usage of these vehicles has also extended to the inspection of ship hulls [1] and underwater man-made structures [2] [3] because of the ability of autonomous navigation. The usage of UUV in military area has also been increasing and some small UUV of which length is below 2 m especially is used in the some hazardous mission as like mine countermeasure (MCM) [4] . The navigation system is most important system for UUV because the correct position information is essential to military mission and commercial mission. Since GPS-signal is not accessible underwater, the inertial navigation system (INS) and acoustic navigation system have usually been used as the navigation system of UUV. Even if the tactical inertial sensor has been generally used in INS of UUV for confidential mission, it is hard to install INS to small UUV in view of the cost and power consumption [5] . One alternative to INS is attitude heading reference system (AHRS) with the micro-machined electro mechanical system (MEMS) inertial sensor because of MEMS inertial sensor's small size and low power requirement. Since AHRS also integrate the results of accelerometer and gyro for the attitude calculation, it is necessary to use the auxiliary sensor for measuring the absolute direction of vehicle for preventing the accumulation of error through integration. In this paper, the AHRS with MEMS accelerometer, gyro and magnetometer which is developed for small military UUV is introduced and the evaluation process and results are presented.
Attitude heading reference system for small UUV

Configuration
We has been developed small UUV for some military mission as like the submarine training. The AHRS based MEMS had been also developed for the developed small military UUV. The AHRS is designed to be equipped with the 3 axis Roll and pitch angle are calculated with DCM under the assumption that UUV dose not move and the gravity is  . Each specific force is described as Equation (1)
  is the measured specific force at body fixed coordinate and   is the measured specific force navigation coordinate.
Transformation matrix from body coordinate to navigation co-
The relationship between   and   is described as follows
From Equation (3), the pitch and roll are calculated as follows.
If the alignment time is  , pitch and roll in Equation (4) are calculated through integration as like Equation (5).
As shown Equation (2), the yaw angle can not be calculated from transform matrix using linear accelerometer. Therefore another measurement other than linear acceleration is required and the angular acceleration is used to solve this problem in this paper because the developed AHRS contains 3 axis gyro.
The relationship between the rate of Euler's angles and the output from gyro is describes as follows;
From Equation (6), the derivative equation can be derived as follow;
The yaw angle can be calculated from Equation (7) with the calculated roll, pitch angles from Equation (5). Since Equation 
Static test
The static motion test was preformed to measure the output signal of the AHRS when roll, pitch, and yaw of rate table were the fixed angle. The static motion test results are summarized at Table   2 . Since the error of yaw result in table are very large comparing those of role and pitch, the detail result of yaw are describe at 
Kinematic test
The field operating test on land was performed for the meas- 
Experiment with FMS
The experiment using FMS were carried out for the verification of AHRS and real auto pilot control algorithm of small UUV. The sequence and hardware interface of the experiment is presented in Figure 7 . The conditions of the test are summarized at The measuring data from the AHRS and flight motion simulator (FMS) during the test about 2 cases in Table 3 Although there are erroneous and oscillating data from AHRS, the results in Figure 8 show that the error was below 3° and didn't diverge. Since the small error can be considered as the characteristic of MEMS and there was no accumulative error after reaching at certain yaw value, it is considered as to be proven that the developed AHRS can be implemented into real small UUV. with FMS, it is proved that the developed AHRS can produce the attitude information which is not divergence.
